The construct 'Mental Readiness' has been used to explain variations in peak performance within different task environments. In particular, research, conducted in diverse work settings such as sports, military and medicine, integrated mental readiness dimensions to increase human performance in critical task episodes. Mental readiness is a complex construct which encompasses sub-dimensions such as attentional control, goal-setting, relaxation, activation, self-confidence, self-talk and imagery. So far, mental readiness has not been used to predict traffic safety and driving performance of young drivers in particular. However, young drivers are involved in a huge amount of traffic accidents and therefore represent a major threat to traffic safety. One explanation is that the insufficient driving performance of young drivers is due to a lack of mental readiness when they enter the street. In this paper, we present the development of a mental readiness measure for student drivers. Hence, 167 student drivers were surveyed regarding mental readiness dimensions, driving performance and perceived stress before and after their final driving test. Data analysis revealed acceptable and even excellent internal consistency of these subscales. A validation study with four safety-related criterion measures (objective driving performance, subjective assessment of driving performance, perceived stress during test preparation, and perceived stress during driving test) showed mixed results. While some scales did not significantly correlate with driving behavior and stress indicators, other subscales like attentional control revealed good prediction coefficients. The current results can be used to train young drivers in raising their mental readiness level which could affect driving performance and road safety positively. In addition, the transfer of the central outcomes of this study to other safety-critical task environments, are discussed.
INTRODUCTION
Traffic safety is a major issue in modern societies. In Germany, 3459 people lost their life due to traffic accidents in the year 2015 [1] . Especially young and inexperienced drivers play an important role in accident causation. About 14% of all people killed and 17% of all people injured were between 18 and 24 years old, while their relative proportion within the general population is just 7.7% [2] . These numbers call for additional effort in accident prevention with a special focus on inexperienced drivers. From a psychological point of view, a lack of experience in car driving leads to an overload of cognitive resources which reduces the quality of driving performance in areas such as road hazard monitoring, comprehension of dangerous situations and anticipation of forthcoming events [3] . Consequently, a promising strategy to enhance the driving performance of inexperienced drivers is to improve the mental state of these people when they use a car. One psychological construct that might provide a suitable explanation for human performance in car driving is mental readiness.
Mental readiness
The concept 'Mental Readiness' emerged in the field of sports psychology and describes an optimal mental state to perform. According to Orlick and Partington Mental readiness " (…) derived from a number of learned mental skills that must be continually practiced and refined for an athlete to perform (…) on a consistent basis" [4] .
Dimensions of mental readiness
Based on in-depth interviews with world-class athletes, Orlick identified several mental readiness elements that contribute to sports excellence and high-performance. These elements encompass constructs such as attentional control, goal-setting, relaxation, activation, self-confidence, selftalk and imagery [5] .
Attentional control
Attentional control is the ability to focus one's attention to relevant task elements and to fight distraction. It contains the elements attentional focus and distraction control. Attentional focus is a mental preparation strategy to direct one's attention to the right stimuli. Distraction control is the ability to deal with possible internal and external distractions during a task [6] . A lot of studies in the field of sports psychology, [4, [7] [8] [9] , as well as in medicine [10] and music [11] showed a relationship between attentional focus or attentional control and performance increase. A study with golfers has revealed that professional golfers have a higher ability to deal with distractions than novices [12] . Another qualitative study with Canadian Olympic athletes showed that distraction control is important for peak performance [13] . Wang emphasizes that internal, personal and external situational distractions should be controlled [14] . This seems to be important in the context of driving situations too, as there are a lot of internal and external distractions, especially for young and inexperienced drivers.
Goal setting
Goal setting is a technique where goals are set to increase and direct motivation [15] . It is one of the most examined techniques to increase performance in the fields of organizations, education and sports [16] .
Locke and Latham (1990) developed a motivational theory which describes the influence of goals on performance. They formulated two core assumptions regarding the difficulty and specificity of goals. Locke and Latham assume that challenging goals lead to a higher performance until the ability limit of a person is reached. The second hypothesis states that specific and challenging goals lead to a higher performance than vague or no goals [17] . These assumptions find support in the majority of studies, [e.g. 18, 19] , but there is an inconsistency in the field of sports psychology. Some studies e.g. a study with jugglers could not find a relationship between the difficulty of goals and performance [20] . A meta-analysis by Kyllo and Landers indicates that goal setting does lead to an improvement of performance also in the sports sector [21] .
In the concept of mental readiness, the importance of specific, realistic and personal goals for the peak performance of athletes is also stressed [5, 12] . We therefore suggest that setting specific and at least realistic goals is also important for young drivers to improve their driving performance.
Relaxation
Relaxation and activation are elements of mental readiness and can be described as coping strategies with the aim of successfully handling stressful situations [22] . Both elements are part of a coping strategy named arousal management and are related to the Inverted U-Hypothesis which claims that the connection between performance and arousal is curvilinear. The level of arousal should neither be too low not too high in order to achieve performance excellence [23] . To reach excellent performance people need to handle their arousal correctly. One way of reducing overarousal is the use of relaxation strategies [24] . Scientific research divides relaxation strategies into two different kinds: somatic and cognitive techniques. Breathing -a technique which focuses on the right way of breath drawing -as well as Progressive Muscle Relaxation (PMR) by Jacobsen (1993) -a technique which reduces overarousal by focusing on specific body regions and their relaxation -are somatic techniques [25] , whereas meditation like the Relaxation Response Technique by Benson (1975) and visualization are cognitive techniques of relaxation strategies [25] . The connection between relaxation strategies and performance is proved in several studies [4, 26] . Orlick specifically names breathing and PMR as two strategies which lead to mental readiness and thus to performance excellence [5] . We assume that strategies like breathing could help drivers to handle stressful traffic situations.
Activation
The terms arousal and activation are often used synonymously. Both terms include cognitive and physical activities. Another common characteristic is that there is no clear connotation of both terms. The main difference between the similar terms of arousal and activation is the planning aspect [23] . Activation includes a planned reaction while arousal is more spontaneous as it is defined as 'the automatic response of the nervous system to (an individual's) mental state' [27] . The Inverted U hypothesis states that underarousal does not lead to performance excellence, either. One strategy to avoid underarousal and produce excellent performance is the so-called preparatory arousal strategy. It is defined as a strategy used to intendedly 'increase the body's level of arousal' [28] by carrying out specific activities [28] . In an example study, Tynes and McFatter instructed weightlifters to emotionally prepare themselves for the weightlifting task by producing specific feelings like anger. Their study proved that preparatory arousal had the biggest effect on the weightlifting performance compared to other strategies [9] . Another example for a technique used in the field of preparatory arousal is fast breathing [29] . Scientific research in sports has shown that not only relaxation strategies like PMR or breathing are important for performance excellence but also different activation strategies might also be helpful. [5, 9] . In the field of traffic and driving performance, activation strategies can have both positive and negative effects. By using anger to get emotionally charged, drivers could easily get overaroused and lose their focus on the driving task. However, using activation strategies could also avoid underarousal which would be beneficial for e.g. long journeys.
Self-confidence
Confidence is generally defined as 'a degree of certainty about a perception event or outcome' [30] . In terms of sport, Vealey points out that it is 'the belief or degree of certainty that individuals possess about their ability to be successful in sport' [31] . Several studies in sports prove that self-confidence is one of the major elements of mental readiness which lead to an improved performance [7, 8] . We assume that a high level of self-confidence could either lead to an increased driving performance or to the opposite, due to the danger of overestimating oneself. Another important concept which is related to self-confidence and enhanced performance is called self-efficacy. Self-efficacy focuses on people's beliefs of what they can reach with their own capabilities [32] . It is considered as a situation depending type of self-confidence. People with a high degree of self-efficacy are convinced to perform well in a specific situation e.g. a sports tournament [33] . Lohasz and Leith for example show that self-efficacy had an important effect on athletes' performances in different kinds of sports [6] .
1.2.6 Self-talk One source of self-confidence is the so-called self-regulation. By self-talk can be understood as a specific self-regulative technique in which people speak to themselves with the aim of controlling and managing their thoughts [34] . Scientific research comes to the conclusion that self-talk is a strategy which on the one hand enhances self-confidence [e.g. 31] and on the other hand also enhances performances directly. Ming & Martin for example revealed this in a study with figure skaters. The participants were convinced that using self-talk improved their performance [35] . It is possible that the use of self-talk enables drivers to refocus on their driving task and thus leads to a better driving performance.
Imagery
The relationship between imagery and performance has been examined in several studies especially in the field of sport psychology [4, 12] but also in medicine [10] . Imagery is defined as 'using all the senses (…) to create or re-create an experience in the mind' [36] . Hackfort and Munzert stated that imagery is a mostly visual and kinesthetic form of mental simulation whereby individuals use an internal representation of situations to mentally prepare for actions that they want to organize or perform [24] . Imagery can have two modes, a replay and a preplay mode. If it is performed in a replay mode, it means that 'an inner (mental) repetition of actions, situations and events' [24] takes place which can be used to analyze these and for example identify errors. In the preplay mode, events are anticipated before they actually happen [24] . The ability to imagery and its links to the dimensions vividness and controllability is also part of the mental readiness research. Highly vivid and controlled imagery leads to a higher performance in sports [10, 4] . Another part of imagery that is highly focused on is the perspective of imagery, which can be either internal or external. In comparison to the external perspective where individuals see themselves from the outside, individuals imagine situations and events from their own point of view when using the internal perspective. Elite athletes rather use the internal than the external view compared to nonelite athletes [4, 37] . Currently, there is no research conducted that examines if imagery, as a part of mental readiness, can contribute to higher performances of young drivers, but based on the previously described empirical findings we do assume so.
2 THE PRESENT STUDY Until now, mental readiness has not been used to explain traffic safety and driving performance of inexperienced drivers. However, as mentioned above, young drivers are involved in many traffic accidents and therefore represent a threat to traffic safety. One explanation for the deficient driving performance of inexperienced drivers is the lack of mental readiness while driving a car. To obtain a sufficient performance level, the driver must have a good mental readiness to cope with stressful traffic situations (by using relaxation, self-talk and activation strategies), to recognize road hazards and fast situation changes in good time (by gaining adequate attentional control, visual imagery and warding off distraction), and to accomplish complex psycho-motor steering tasks in dynamic traffic environments (by the use of goal setting, attentional processes and self-confidence).
In this study, we developed a mental readiness measure for student drivers to explain differences in driving performance and potential traffic risks. Student drivers were selected as an appropriate sample because of their very low level of driving experience.
METHOD

Participants
Two hundred and sixty-one student drivers were surveyed regarding their level of mental readiness during driving lessons and the final driving test as well as the respective driving performance and stress. One hundred and sixty-seven valid questionnaires were returned. The average age was 22.87 (SD = 9.22); 55% of the participants were female and 44% were male.
Materials
A questionnaire was developed that consisted of two parts. Part one comprised the Mental Readiness Scale (MRS) which included 71 Likert-items with a seven-point-scale (1 = totally disagree -7 = totally agree), specifically designed for mental readiness aspects in car driving. The MRS encompasses seven sub-scales: goal-setting (12 items), attentional control (9 items), relaxation (9 items), activation (6 items), imagery (17 items), self-confidence (8 items) and self-talk (10 items) (see Table 1 ). The second part of the questionnaire contained four criterion measures: Subjective and objective driving performance and perceived stress (during driving test preparation and during driving test). Subjective driving performance was rated on a seven-point scale (1 = very bad -7 = very good). Objective driving performance was rated on a dichotomous scale (1 = passed the driving test -2 = failed the driving test). Perceived stress Table 1 : Seven sub-scales of the MRS.
Sub-scale Example items
Goal setting • I set goals that challenge me. • I felt motivated by my own goals.
Attentional control
• When I made a mistake during the test I had problems in regaining focused attention. (-) • It was easy to control disturbing minds during my test preparation.
Relaxation
• During test completion I was able to relax. • I spared to use relaxation techniques during test preparation. (-) Activation
• I could psych-up myself when I was tired.
• I obtained my optimal energy level during test completion.
Imagery
• Shortly before the test, I rehearsed all the procedural steps in my mind.
• Prior to my test, I mentally simulated what to do when problems arose.
Self-confidence • Even when problems arose within the test, I believed I could accomplish the task. • I was convinced I could attain my goals because of my competence.
Self-talk
• The key words I used supported me in my task.
• During test preparation I talked to myself.
(-) = negatively keyed items (during driving test preparation) was rated on a seven-point scale (1 = highly stressed -7 = very relaxed). Perceived stress (during driving test) was rated on a seven-point scale (1 = highly stressed -7 = very relaxed). Table 2 summarizes the reliability coefficients (internal consistency measured in Cronbach's α) of the seven Mental Readiness sub-scales. As can be seen, the reliabilities ranged from low (e.g. relaxation scale) to very high (self-confident scale). After the reduction of items with low item-total-correlations, the internal consistency of some scales could be improved (e.g. the imagery scale moved from 0.59 to 0.82). Table 3 shows the criterion-validity of the single mental readiness scales. The table reveals huge variance in the correlations between the mental readiness scales and the four criterion variables. Attentional control, for instance, is the only scale within the MRS which correlates significantly with all four criterions. Moreover, attentional control is the only measure that is significantly related to the objective performance criterion, the passed driving test. On the contrary, self-talk and relaxation do not correlate significantly with any criterion measure at all. Other scales such as imagery seem to be related to stress criterions but not to performance indicators, whereas activation seems to affect the subjective driving performance evaluation but not the perceived stress level.
RESULTS
Reliability of the MRS
Criterion-validity of the MRS
DISCUSSION
Interpretation of results
As has been shown in Table 3 , the study produced mixed results. It seems that not all mental readiness dimensions equally contribute to driving performance and stress reduction. Given the assumption that a lower stress level and a good driving performance of inexperienced drivers are positively related to traffic safety, attentional control is the most important dimension of the mental readiness construct. Other mental readiness aspects such as relaxation and self-talk might not be relevant for inexperienced drivers in respect of their driving performance improvements and stress remediation. Furthermore, scales like imagery are negatively correlated with stress indicators. Probably, the mental activity to rehearse procedural steps and anticipate problems in one's mind seems to demand cognitive resources which are urgently needed for the driving task. Therefore, the visual imagery seems to overload the cognitive capacity of inexperienced drivers within the driving task.
To sum up, the most effective way for inexperienced drivers to reduce stress and raise their driving performance level is to learn how to focus one's attention and to ward off distractions within traffic situations.
Strengths and limitations
Like all research, this study has both strengths and limitations. One strength is the novelty of applying a human performance construct from sports psychology to the field of safety research. As mentioned above, mental readiness has been used to explain variations in peak performance of athletes but never for car drivers. With respect to the correlations between the mental readiness scales and the four criterions which are important for road safety, there is evidence that mental readiness dimension are relevant for inexperienced car drivers. In addition, the reliability of most scales was good. The internal consistency ranged between Cronbach´s α = 0.61-0.90.
Beside these strengths, there are also some noteworthy limitations. First, all criterion measures were only proxy-measures of traffic safety. In this survey, there was no opportunity to assess the real driving performance and to collect safety-critical incidents such as near accidents, risky driving passing maneuvers or delayed hard breaking. Furthermore, the internal consistency of the relaxation and the activation scale should be improved. Significance level: * p < 0.05; ** p < 0.01; *** p < 0.001.
Implications for future research
This study has shown that mental readiness dimensions have an effect on driving performance and perceived stress of inexperienced car drivers. Future research should focus on the relation of attentional control and driving performance as well as stress indicators. A promising research strategy might be to measure the level of attentional control and to test the driving performance and stress effects in driving simulator experiments by recording safety-relevant indicators (e.g. near accidents, risky driving passing maneuvers, delayed hard breaking, recognition of sudden situation changes). Additional measures such as eye-tracking or EEG-data could be used to validate the attentional control sub-scale. This could be a useful step to develop better driving trainings which support inexperienced drivers to allocate their attention effectively. Finally, this research strategy could also be transferred to other safety-critical industries where mental readiness might be important. For example, monitoring tasks in chemical plants or surgical performance within medical operating rooms -for both task environments there are experimental simulators in these industries -could be analyzed with regard to mental readiness dimensions.
